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THE USE OF INDUSTRIAL ENERGY
IN SF3’E?:OECD COIJN;RIES

by

Ronald J. Sutherland

!?nergy Systems Analysis Group
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

ABSTMCT

The objoctive of this study was to analyze the industrial
demand for energy in seven Organization for Economic Cooperation
and Development (OECD) countries with particular emphasis on
fuel substitution between oil, natural gas, coal, ●nd
electricity, Changing fuel demand ●lso results from economic
growth, changes in industrial structure, ●nd changes in the
anergy intensity of industrial output. A historical analysis of
these factoreiand fuel substitution 4s undertaken for industry
as an a~gregate, and for 12 specific industries, The ❑ajor
results of the historical analysis are: (1) fuel use C)IUng&-
are a result of fuel switching, changing energy intansity,
changing irldus rial structure, and economic growth; (2) fuel
substitutahflity depends upon fuel use, The three fossil fuels
are substitutes in the industrial heat market, but there are
numerous special industrial proces~es where ● particviar fuel is
required; {3) large subs~ltutions have occurred betwee I fuels;
(&) fuel Ijubstitutionn have been very different ccross
count rios, both in the type of mubatitutions that have occurred
and tt]efactors accounting for the substitutions; and (5) in
❑ont countries, major changes in fuel use can be explained by
tWCJ or three industries, auggcsting that future ●nalyses be
industry apeclfic,



I. INTRODUCTION

The objective of this study is to analyze the industrial demand
for energy in seven Organization for Economic Cooperation and
Development (OECD) countries: Canada, France, Germany, Italy,
Japan, the United Kingdom (UK), and the United States (US). A
particular focus is on fuel substitution between oil, natural
gas, coal and electricity. Changing fuel demand results from
fuel switching, economic growth, changes in industrial
Structul’e, and change~ in energy intensity of industrial output.
A quantitative his~orical analysis of these factors and fuel
substitution is undertaken for industry as a whcle, and for
twelve specific industries.

The aggregate analysis of the 1960 to 1973 period indicates that
economic growth is the ❑ain variable accounting for changes in
fuel use, with fuel switching being next most important. During
the 1973 to 1982 period, fuel switching was the most important
variable explaining changes in fuel use. The fossil fuels are
substitutes for each other but not for electricity. However,
there is no clear trend of one fossil fuel being a close
substitute for another fossil fuel. Substitutions involving
electricity for fossil fuels generally involve structural
changes in industry, and not ❑erely fuel switching.

The industry specific analysis, conducted for the 1973 to 1982
period, indicates that fuel substitution is the most important
variable explaining the trend in fuel use. In some countries a
change in fuel use is broad based across industries. In most
countri s, a major change in the use of a fuel could be
explained by at ❑ost three industries, The chemicals und
petrochemicals industry is important because in 1983 it
accounted far about 39 percent of the total industrial demand
for energy making it the largest energy user. The iron mnd
steel industry has been important historically because it is the
second largest energy user and because its energy llsehas
decreased substantially in the last decade. A thl d industry is
often important in explaining historical trends in energy use
but the indu~try varies between countries, In thm United States
●nd Canada, the paper and pulp industry is important. An
implication of this analysia is that the effects of’a
significant rise in the price of ● fuel can be explained by
understanding the use of fuel in a few select industries,

11, AGGRFGA7E ANALYSIS

Before presenting quantitative ●violence on the importance of the
factors that explajn the amount of fuel used; we present a
graphic overview of the historical trends in industrial e~~rg:j

to conserve space WP depict in graph some one country-Francr,
As neen in Fig, 1, industrial energy use relative to GNP has
declined significantly since 1973, A partial explanation c.f
this trend in industrial energy use is that ihe industrial
sector has become less energy intensive since 1973 (secon(l
panel ), An additional explanation is that output in the
industrial sector declined relative to total output, us sh:)wIIhy
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Fig. 1. Energv, output ●nd fual share trends
in France, 1963-1982,



the third panel. These latter two trends are important for
understanding the historical demand for industrial energy. They
imply that industrial energy demand has grown relatively slowly
~!nIe ~9?3 because the re]ative size of the industrial sector

has diminished and because the industrial sector has used less
energy relative to output. Similar trends in industrial energy
use characterize the other 0EC9 countries being considered,
except Canada, where the manufactu~ing sector has become more
energy intensive.

Panel 4 in Fig, 1 depicts the fuel shares of the French
industrial sector over the 1963 to 1982 period. There are wide
variations in fuel shares over time and this result applies to
each of the seven countries. Several countries shifted out of
coal before the early 1970’s and out of oil thereafter, with
other fossil fuels being the apparent substitutes. The wide
variations in fuel shares, both temporally and between these
seven countries, suggest that significant fuel changes may occur
in the future. Particularly, a continued decrease in oil
dependence may be possible. If natural gas were available in
Euiope at a competitive price and with secure supplies, a
significant increese in the share of this iual could occur, The
stable increase in the share of electricity i: these countries
implies that electricity is not a close and direct substitute
with the fossil fuels; rather substitutions occur indirectly and
over a long period of time and in’lolvea change in the structure
of industry.

The mechanism by which fuel substitutions occur has four
components : fuel switching, changes in energy intensity,
changes illproduct ❑ix, and changes in economic output (GNP or
GDP) . Fuel switching is the substitution of one fuel for
another wb,ere total output, energy, and product mix are
unchanged. Changes in product mix in the aggregate refer r,)the
changes in the ratio of total value-added in the industrial
sector to the total GNP, At this level of aggregation, produ(t
mix is simply the industrial share of total output and is
referred to as industrial structure, In the industry speci~ic
analysis, industrial structure i,sdefined as total output of a
specific industry divided by the SUM of total output of all 12
Industries. The ratio of total energy used to total industrial
output measures energy intensity and changes in the ratio may
reflect conservation Oi changes in technology, The fourth
source of change in fu~l use is economic growth, Estimates for
these four components &re constructed for each of the seven
countries nnd for eacl]of four fuels; coal, natural gas,
petroleum, and electricity.

Following Werhos (1983), we estimate the mechanism by which
changes in the demnnd for iuels occur by beginning with Eqn. 1:

Fuel -
[ )[
—.--.EM_l___ ~ ml_&IE3Q’
Total Energy output J’[WLIXGNP “)



which is an identity because each term except fuel can be
cancelled from the right hand side. Although Zqn. 1 is an
identity, it is useful in allocating the changes in fuel use
over time into the four components discussed above. First,
changes in the fuel-energy ratio reflect fuel substitution or
fuel switching. Changes in the energy-output ratio show changes
in energy intensity and refer to the amount of energy required
to produce one unit of output. Changes in this ratio may be due
to changes in technology or to energy conservation, The
industrial output-GNP ratio accounts for structural changes in
the whole economy on an aggregate basis. Finally, jn the
absence of changes in these ratios, fuel consumption will change
at the same rate as GNP.

Equation 1 is estimated for each country and for each of the
years 1960, 1973, and 1982. The ratios cannot be compared
across countries because GNP and industrial output are measured
in different currency units and consequently, apparent energy
intensity differs across countries. If changes in the ratios
over subperiods were computed as percentage rates of change, the
currency unit problem would be solved, However, the sum of the
percentage changes on the right hand side uould not eqtial the
total percentage change illfuel use. Each of these problems is
solved by estimating Eqn, 1 using logarithms.

All energy data were obtained from _ ~ence sti L1l.eQEQQ
Countr Le%; which contqins data by country, fuel type, industry
and for the 1960 through 1982 period, Industrial output data
was obtained from ~ ~rowttl & World ~nd~s~, published by the
United Netions.

Equation (1) is estimated for e~rh of the seven OECD countries
in first differences of logs and the results by country are in
Table I. Estimates are reported for both subperiods and for
each of the four fuels, The last three terms on the right hand
side of Eq’lation 1 are independent of fuel type and therefore
the changes in these variables are the same for +ach fuel,

Table I contains the estimates of fuel ure changes in each of
the seven countries and the importance of the variables that
account for changes in fuel demand. For example, in Canada the
most significant fuel use changes during the 1960 to 1973 period
are the decline in coal use and the increase in the use of oil
and natural gas, Changes in the ratios of energy to industrial
output and industrial output to GNP had offsetting effects and
neither change is very large, Fuel switchin~, and economic
growth are therefore the dominant variables explaining fuel US(I
jn Canada during this period, Th~ large lnc~ease in GNiJ,
measured by a change jn the lcg of GNP of 70.6, implies an
increase in the demand for each fwl used in industry, However,
there occurs a significant ~ubstitution of other fuels for coal,
as measured by the change illthe log of fuel share of coal of -
85,24, and hence an overall decrease in COCI use, The increases
in oil and natural gas usag~ are due to fuel suhstftution for
coal complemented by overall economic growth,
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Rather than consider the countries individually, the results are
examined for common trends. First, industrial value-added
relative to total output declined in each of the seven countries
for the post-oil embargo period. The energy intensiveness of
the industrial sector declined in six of the saven countries
considered after 1973 (not Canada). These trends imply that a
decrea~e in the overall industrial demand for energy occurred
after 1973, and is independent of fuel substitutions. Economic
growth was positive, Although historically low, in the seven
countries following 1973. The effects of economic expansion
tended to partially offset the negative effects on fuel use of a
decreasing energy intensiveness and a declining industrial
share. The second trend is the decrease in oil consumption
during the post embargo years in all countries except the US.
The change in the logarithms of oil consumption is large and
negative for the six countries, indicating a substantial
reduction in oil consumption. The decrease in oil consumption
is explained by fuel substitution complemented by decreasing
energy intensity and the industrial share of output.

The third trend is in changing fuel shares. The share of oil
consumed decreased in each country with the US being the
exception. In the US, the share of oil increased because of the
significant reduction in the use of coal due to environmental
regulation and natural gas because of supply constraints. There
is a general trend for the share of electricity to ~ncrease in
each country during each subperiod. The exceptions are that
electricity’s share neither rose in Canada between 1960 and
1973, nor in Italy between 1973 and 1982, As seen in Table I,
changes in electricity consumption are often accounted for by
factors other than fuel switching, The last common trend ~S

that the share of coal used in il~dustry declined in each country
during the pre-oil embargo period. In the following period,
three countries, Canada, Italy, and Japar,, switched back into
coal, but the remaining four countries, US, UK, West Germany,
and France, did not.

Similarities also appear in the overall growth of each fuel and
in each of the countries during the first subperiod, Economic
growth surpassed the importance of fuel switching as evident by
the large pos~.tive numbers for GNP. This relationship reversed
duri~g the 1973-1982 period with decreasing industrial output
and decreasing energy intensity, Table I shows that changes in
these ratios are generally negative and are often of equal size
to changes in GNP,

An important observation from Table I is that fuel substitutions
are strikingly different across the seven countries, The main
substitute for coal during the 1960-1973 period was natural gas
in Canada, France, and G~rmany, but it was oil in che US, Japan,
and Italy. After 1973, each country switched out of oil but
tended to switch into different fuels, Coal showed the largest
share increase in C~nada and Italy, whereas natural gas showed
the largest share increase in the UK, Japan, and France, while
West Germany substituted both gas and electricity for oil,
Italy substituted oil for coal during the pre-embargo period and



subsequently switch>d back co coal, Italy is the only country
that reciprocally substituted fuel types. Substitutions have
usually been between the fossil fuels, and generally not between
a fossil ftieland electricity.

III. INDUSTRY SPECIFIC ANALYSIS

We now consider the importance of specific industries in
explaining aggregate cha.~ges in fuel use. We are particularly
ir,terest{~din whether such changes can be accounted for by one
or two ~ndustries, or, whether they are broad based across
industries. Because this analysis is industry specific,
industrial structure is now defined as the ratio of value-added
in each industry to the total value-added in all industries.
Eqr.. 1 is applied to each industrial sector instead of to the
total industrial sector.

Data limitations in the energy balance statistics require that
the analysis be slightly changed. The period of analysis is
from 1973 to 1982 because industry specific data are not
available before 1973. Second, the data lists the 13 “specific”
industries along with a residual industry, termed “nonspecific.”
The nonspecific entry may Include up to one-third of the total
fuel used but it balances total fuel used by industry with the
amount of fuel reported by each of the 13 specific industries.
The nonspecified entry is not included in this analysis. Third,
the distinction between the Chemical and Petrochemical
industries is not the same between countries nor has it been
consistent for individual countries. These two industries are
therefore combined leaving a total of 12 industries.

The estimates of Eqn. 1 identify the industries that explain
fuel use changes a:tdthe process by which these s~rbstitutions
occurred. The energy balance clataare also used to Ident””.fythe
maj~Jr fuel changes and the industries that account for these
changes. For brevity the discussion of results is limited to
Canada.

As depicted in Table I the major fuel change in Canada after
1973 is a shift out of oil and into coal, For instance, the
change in the log of coal is 68.1 and the change in the log of
Cil is -35.7. Logarithms, however, do not measure the absolute
amount of fuel used so the raw data (energy balance data) must
be re-examined. Since the energy balance data are so
voltuninous, only a few numbers are reported here. A review of
the coal and oil data for total industrial fuel use confirms a
dramatic increase in coal consumption and corresponding decrease
in oil consumption for total industry. Solid fuel use for the
total industrial sector doubled from 60,587 MTOE (1973) to
128,636 MTOE (1982) while oil decreased from 161,214 MTOE to
104,908 MTOEo

A review of the energy balance data for coal used by industry
type, reveals that no indllstry shows E large increase in coal
use. The growth appear~ in the nonspecified industries, which
precludes further analysis of the change. Oil use declined in



Canadian industry and the data indicates that it is broadly
based across industries. The total decline in Canadian
industrial oil use from 1973-1982 was approximately -155,000
MTOE, with the largest decline bein; experienced in the paper
products industry (-16,000 MTOE), followed by nonmetal products
(-7,000 MTOE), iron and steel ~nd chemical and petrochemical
products (-6,000 MTCE each). The quantitative importance of
these various industry changes is measured using Eqn. 2 and the
results are presented in Table II. The change in industrial oil
use is depicted as a combination of fuel switching, energy
intensity, product mix, and economic growth.

Although the aggregate ‘Table I) and Industry specific (Table
II) analyses each point to fuel switching as the major factor
explaining the decline in Canadian industrial oil use after
“973, tl.eindustry specific analysis adds some detail. First,
the paper products industry not only accounts for the largest
decrease in oil use, but fuel switching and decreasing energy
intensiveness are equally important (Table II). In the nonmetal
products indust~y, fuel switching explains most of the decrease
in oil use. Decreasing energy intensiveness and a declining
share of value-added also explsin the decrease in oil use.
Table I indicates that total industrial output decreased
relative to GNP. Table II shows that iron and steel and
nonmetal products are the major industries where total output
declined.

Iv. IMPLICATIONS

This quantitative description of fuel use trends in seven OECD
countries suggests a qualitative interpretation in terms of the
underlying lines of causality. Fuel use changes can be
explained in part, bvt only in part, by the conventional
economic variables of price and income effects, Fuel switching
is due in large measure to changes in relative fuel prices, with
higher oil prices and the barking out of oil after 1973 being
one example. The decreasing energy intensity of industry after
1973 is also consistent with the increasing energy prices, which
were led by petroleum. Rapid economic growth during the 1960 to
1973 subperiod, along with favorable energy prices, contributed
to the increase in energy use overall,

However, some of the fuel use changes that occured cannot be
accounted for by a simple price and income analysis. The post-
1973 decline in energy use in several of these countries was led
by declines in the iron and steel industry. These declines can
be explained not just by fuel prices but by factor endowments
and factor prices of the seven OECD countries relative to their
international competitors. The significant shifts in industrial
structure, as measured by changes in the share of value added by
twelve industrial sectors, are important in accounting for some
of the ❑ajor fuel use trends.

This analysis of historical fuel data yields important
implications that may be useful in anticipating future
industrial energy demand. Over each time period we observed
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very substantial shifts in fuel sh~res and in total fuel use.
For instance, industrial oil consumption decreased in Italy from
292,679 MTOE in 1973 to 154,169 MTOE in 1982. This case is one
of sever~l where these countries made ❑ajor changes in their
fuel consumption over a multi-year period. Major fuel shifts
may also be feasible in the future, which is important because
the industrial sector of the seven countries is still relatively
dependent on petroleum.

In the larger study upon which this paper is based, we noted
that fuel substitutability depends on fuel use. Fuel is used in
the industrial heat market to raise steam. The share of
industrial energy used in this way varies from 44 percent in
Japan to 69 yercent in the United States, Energy is also used in
the various industrial processes to manufacture goods. Finally,
we examine~ special industrial processes whzre a particular fuel
is uniquely well-suited to a ❑anufacturing process. In these
cases, fuels are not substitutes, except by changing industrial
processes, or by changes in the share ~f the particular
industry. In several industrial processes, fuels are often not
close substitutes, The three fossil fuels are substitutes iri
che industrial heat ❑arket, although changes in the capital
stock ara generally required,

Fuel substitutions have been very different across countries and
between the two subperiods, Tlleru is not a cons?.stent pattern
of one fuel substituting for another, except that electricity
does not appear to be a close substitute for any other fuel.
However, electricity is not used in the industrial heat market.
The three fossil fuels are, in general, substitutes over a
several year period. The absence of clear patterns in fuel
substitutions occurs because the process by which industrial
energy demand responds to changing prices is highly variable
across countries, across industries, and over time, In addition
to fuel switching, ~hanging energy intensity, and structural
change in industry, we find that some fuel changes were broad
based ●cross industries, but others were concentrated in one or
two industries, In many countries it is feasible to understand
aggregate fuel substitution possibilities by underhtan~ing the
industrial procitssus, and hence fuel USOS, of one or two
important industries,

The above results offer implications about the feasibility of
modeling industrial energy demand with an econometric model,
The changes in industrial energy demand analyzed here take place
over ● several year period because they involve changes in the
capital stock. Econo~fietrirploceduras to estimate distributed
lags, such ●s the Koyck lag, ●re not reliable, He’1 (1986)
estimated a Koyck-type lag and failed to obtain a statistically
significant dynamic response, The long run response of
industrial mnergy demel~d to chan~ing enerEy prices cannot
readily be estimated with conventional econom~tric methods,

Long run elasticities are estimated using cross-sect~on data
reflecting several countries, This type of analysis requires
that each country is in equilibrium and has the same demand
curve, Adjusting to equilibrium requires changes in the capital



stock and includes changes in industrial structure. These
responses require several years and have been quite different
between the seven countries considered. Cross-section (inteT-
country) energy price-quantity data probably reflect different
demand relationships In disequilibrium.

Econometric equations are sometimes es?imated separately for
each country, but are us~~ally constrained to represent the
entire industrial sector, An implicit assumption in aggregating
across industries is that the marginal response to changing fuel
prices is constant in each industry. A Ilajor change in the
price of a fuel would Impact about equall] the various
industries within a given country. However, the use of fuel,
e.g., industrial heat, varies with the industry, and hence so
does fuel substitutability, In some countries a change in fuel
use was broadly based across industries; but in several
countries a major fuel use change could be explained by one or
two leading industries. In these countries, an aggregate
industrial energy demand function would be a biased
representation of enGrgy demand, An important implication of
the industry specific analysis is that econometric estimates of
industrial energy demand should focus on specific industries,
end should not aggregate across industries without appropriate
statistical justification,
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